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Salt Lubricant Pads for U Extrusion
INTRODUCTION

This report primarily describes the processing of carbonate-salt solid-lubricant pads or compacts for use
in the hot metal extrusion process.!>*436789 It also provides an overview of the solid lubricant
development process, encompassing the processing and evaluation of glass and carbonate salt materials.
Traditionally, glass has been used as an expendable interfacial lubricant. Here, carbonate salt
formulations are evaluated as an alternative material type, with two potential advantages: 1) the ability to
easily prepare binary salt mixtures that have melting temperatures in the range of 500—900°C, and 2) easy
removal of the lubricant from extruded rods and tubes, given that carbonate salts are appreciably water
soluble.

The function of the salt compact is to provide lubrication for the extruding billet via the formation of a
continuous molten salt film or coating; analogous to glass-lubrication, Figure 1.!%!"! The salt compact is
placed at the die face, and as billet extrusion proceeds, the compact is consumed via melting at the
compact/billet interface.
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Figure 1. Glass-lubricated direct extrusion.

Lithium, potassium, and sodium carbonate salts were identified as the preferred salts for this study; given
that the salt bath, utilized for preheating billets, containing a mixture of these salts.'” Phase diagrams are
utilized for determining salt mixture formulations having target melting temperatures. The lithium-
potassium carbonate phase diagram is shown in Figure 2. Mole fraction data from the phase diagram is
converted to mass-based data via the molecular weight of the constituents. Table 1 provides a mass-ratio-
based table for preparation of a target melting temperature for Li-K carbonates.
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Figure 2. Lithium-potassium carbonate phase diagrams.'?

Table 1. Mass-based Li-K carbonate formulation.

Li,CO,4 K,CO; MEI_ﬁ"g
Point
{wi) (i) (°c)
0.0% 100.0% 899
5.6% 94.4% 829
11.8% 88.2% 742
18.6% 81.4% G644
26.3% 73.7% 533
27.9% 72.1% 508
29.6% 70.4% 500
34.8% 65.2% 505
44,5% 55.5% 503
46.6% 53.4% 498
57.9% 42.1% 557
58.1% 31.9% 625
82.8% 17.2% 683
100.0% 0.0% 726

Currently, the standard salt compact being employed consists of lithium carbonate and potassium
carbonate. Additionally, potassium-rich formulations are employed because of the limited water solubility
of lithium carbonate (see Appendix A, “Materials,” for information on the properties of the materials).
For extrusion trials compacts with a formulated melting temperature in the range of 650-800 °C were

prepared.

To facilitate, as much as possible, a uniformly melting carbonate salt formulation, the salt constituents are
dry blended, melted together, and then cooled and solidified. The obtained solid mass is typically crushed
and ground back into a powder form, but alternatively can be machined directly into the desired end-use

form.



NOTE: [fthe salt constituents are not pre-melted together, then a slower melting rate (more
characteristic of the lowest melting temperature salt constituent) would be expected. In a
homogenized salt formulation, it is anticipated that the lubricating film forms uniformly once
the salt formulation melting temperature is reached.

The rate of melting at the billet/salt-compact interface and the viscosity of the associated molten
lubrication film are both viewed as important, relative to control/optimization of the extrusion process and
the surface quality and diametrical uniformity of the extruded product.

Based on traditional water-glass bonded glass pad application, glass pads or compacts that are readily
crushable are primarily employed. A like approach was taken here, with crushability being “adjustable”
based on power compaction force and binding-liquid “water” addition. Typically 50-70% dense
compacts were prepared.

The geometry of the salt compacts, as typically prepared in this evaluation, is shown in Figure 3. The
design was derived based on the standard billet-nose geometry. The salt compact is placed in the
extrusion liner prior to mating with the extrusion die. The inside diameter of the currently configured
extrusion liner is ¥1.42 in. Thus, during the initial segment of the extrusion process leading up to billet
“upset,” the salt compact is crushed and a ~0.040-in.-wide annular gap eliminated. Further, material
associated with the compact-base, ~0.2 in. thick, is partially compacted and retained and partially
expelled from the .47 in., or smaller, die hole.
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Figure 3. Sketch of standard glass or salt compact.

Desirable attributes of the solid-lubricant material system and the associated end-product “salt compacts”
include the following:
e Easily controlled/adjusted melting temperature via salt composition.

e Uniform lubricant coating on extrudate surface, so as to mitigate oxidation.'*

e Controllable liquid-phase viscosity'’ (not yet investigated in detail)
- Additives such as graphite, ball clay, or boron nitride (BN) can be incorporated for the purpose of

controlling the liquid phase formation rate and liquid phase viscosity.

e FEase of fabrication. Namely, minimal effort required to go from starting materials to final form;
options include:
- Uniaxial compaction of water dampened homogenized salt powder (primary method used to date)
- Water- or ethanol-base slurry casting of homogenized salt powder.

- Molten salt casting (perceived as good potential option if near 100% density of salt compacts are
shown to be advantageous).



The primary steps for fabrication of salt compacts are detailed in this section. Comments and observations
are provided along the way. It should be noted that the methodology used was selected based on a need to
prepare a small number (2—3) of specimens of a given target salt compact composition. No significant
challenges are envisioned in moving to larger batch sizes (i.e., 10—100 units per batch). A flowchart of the
processing steps is shown in Figure 4.

‘ Dry Blending ‘
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[ Grind and Sieve |
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Figure 4. Salt compact processing sequence.

Salt Compact Processing

The established processing sequence for preparation of Li-K carbonate solid lubricant pads or compacts is
detailed in this section. Prior to material processing activities, an order is established for a given number
of salt compacts, typically 2-3, having a target melting point. The compact composition, meaning the
ratio of Li and K carbonate, is calculated based on data provided in Table 1 above.

Dry Blending

Lithium and potassium carbonate powders in the needed mass proportion are weighed and placed in a
screw-top mixing jar, typically 100—200 g charge size. The powder mixture is then blended in a Turbula
mixer for ~5—-10 minutes. The blended salt mixture powder is then transferred to alumina crucibles in
preparation for melting.



Figure 5. Turbula mixer used for dry-blending salt powders.

Salt Formulation Melting

Alumina crucibles loaded with the carbonate salt mixture are placed in an air atmosphere box furnace.
The furnace is heated, in a period of ~2 hours, to a temperature 50—-100°C above the calculated melting
temperature of the salt mixture. A furnace hold time of 30-45 minutes, at temperature, is then performed.
Subsequently, furnace power is turned off and the salt melt cooled to room temperature at a rate limited
by the thermal mass of the furnace, for ~6—8 hrs. During the cooling process, the difference in thermal
contraction between the salt mixture and the alumina crucible leads to an easily removed salt “puck.” The
salt puck is typically released from the crucible after scraping away any residual salt material adhering to
the upper sidewalls of the crucible. An extracted salt puck is shown in Figure 6.

Figure 6. K-Li carbonate salt puck after removal from alumina crucible.



Grinding and Sieving

Once removed from the crucible, the salt puck is crushed and ground into a powder. The crushing and
grinding operation is performed manually, in a fume hood, using a ceramic mortar and pestle (see Figure

7).

Figure 7. Salt puck grinding and sieving experimental setup.

The crushing and grinding step

for a ~100 g salt puck takes ~15 minutes. Initially, the salt puck is broken

down into ~10-g-sized pieces. Isolated ~10-g pieces are then crushed and ground further; periodically,
ground salt is transferred from the mortar to a sieve with a 500-600 um opening. Material not passing

through the sieve is returned to

the mortar. The process is performed until all of the salt material passes

through the sieve. An approximate yield of 99% is realized. Figure 7 provides a sieve analysis of the
ground and sieved powder using the method. The resulting salt powder, by weight, is ~50% less than 115

um (<120 mesh).
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Figure 8. Sieve analysis of ground carbonate salt melt powder.



Damp Mixing

The standard method for preparing a salt compact or pad involves wet mixing of a prescribed mass of
ground salt powder with a sufficient amount of water to form a compactable mixture. If insufficient water
is used, the resulting frail compact may lack adequate handling durability and could allow compact edge
chipping before and after drying. Conversely, if too much water is used, the resulting salt compact will be
prone to sticking on the compaction die punches, hindering compact removal. The best amount of water
per a given mass of salt powder is ~15% of the to-be formed powder mass, with 10% being too dry and
20% being too wet.

During preparation of the wet mix, heat is generated via the dissolution of a fraction of salt powder with
applied water addition. The water-salt reaction promotes local salt clumping in areas of high water
concentration. Thus, it has been found that it is best to add the prescribed water in 2—3 applications of
drops. Between each water addition, a spatula tools is used to distribute the water and wet as much of the
dry salt powder as possible. When water addition and mixing are appropriately balanced, a reasonably
uniform compaction mixture was obtained. Due to the heat generated in the mix via the water addition,
evaporation is enhanced. Consequently a short, 2-3 minute working-time is observed and expeditious die
loading and compaction is called for.

Uniaxial Compaction/Forming

Compact forming of damp mixes is preformed via uniaxial pressing. A commercial 35-mm-diameter
compact die set is employed (1.38 in.), Figure 9. The die set used incorporates die-volume evacuation
capability. Vacuum prior to compaction is established via a hand-operated vacuum pump or an electric
diaphragm vacuum pump; this minimizes porosity in formed compacts. Compaction of damp mixes into
salt compacts has been found to be optimal at a uniaxial compaction force of 4 kip.

It has been determined that die-punches constructed of Delrin and used in conjunction with the spray-
based mold release agent (product name: Houdini) “lock lub” afforded the best release of salt compacts.

35 mm D&
3616

Figure 9. Picture of 35mm diameter pressing die, Delrin punch and disk, and pressed salt compact.



Compact Drying

It has been determined that 4 kip uniaxial-pressed compacts could be directly dried to a usable condition
at 65°C for a period of a few hours. Compacts pressed at 7 Kkip have exhibited cracking during initial
drying at 65°C. Additional drying at 90 and 120°C has been performed in some cases. The benefit of this
has not been established.

NOTE: 120°C drying for the purpose of dehydrating a prepared salt compact may need to be
evaluated, given the potential effect on extruded product surface finish.

Machining of Compacts and Melt Pucks

After compact drying, a vent hole is drilled in the salt compact or compact. Standard machining
techniques are used (i.e. a lathe with a drill bit). Alternatively, an electric hand drill and drill bit can be
used. When using a hand drill, making 1/8-in.-diameter holes is straightforward. Making "4-in.-diameter
holes is challenging, given the tendency of the bit to “grab” near the hole exit. In some cases, compacts
have been split in half when "4 holes were attempted using a hand drill. A finished salt compact is shown
in Figure 10.

Air or oven dried pressed salt powder compacts and melt-formed pucks were readily machined using
standard machining technique. The machinability of the salt material is comparable to that of low density
graphite.

Figure 10. Final form salt compact after drying and hole drilling.



Discussion

Initially, low melting temperature, i.e. ~600-700 °C glass powder compacts were evaluated.'® Inadequate
melting of the glass powder compacts was observed during extrusion experiments, subsequently
carbonate salt based lubricant formulations were investigated. It was found that crushable carbonate-salt
compacts could be easily formed via powder compaction and/or machined from melt-pucks.

Dried salt compacts and machined melt-pucks were utilized in U-Zr alloy extrusions experiments. It was
found that salt formulations with a melting temperature of 650-700 °C was appropriate for an 800 °C
preheated U-Zr billet. Powder compacts utilized were ~50-70% dense and melt-puck ~100% dense.

It was found that the potassium rich salt residue was easily removed from extruded rods and extrusion
tooling using damp terri towels.

Pitting or dents were observed on the surface of the extruded rods. The location of the pits/dents was
coincident with high residual salt residue. It is surmised that partially melted salt aggregates were
entrained or embedded in the extruding billet and subsequently passed through the die, resulting in the
observed pits/dents.

A current need for a salt-base lubricant has been eliminated; via the incorporation/addition of a preheated
copper follower block with the U-Zr billet.



Table 1. Carbonate salts and properties.

Appendix A: Materials

. Solubility in Melting Decompaosition | .,
Chemical . MW Viscosity
Salt P I CAS Mumber| Vendor Details Product # (2/mole) SG (gfcc)| Water @ RT | Temperature | Temperature (eP)-(°C)
ormula g/mole cP)-
{g/100mL) (*c) (‘g
Lithium Li;CO 554-13-2 slgma >00% i 624701 73.1 211 1.29 723 ~1300 4 64-777
Carbonate U Aldrich % purity ' ' ' '
Potassium K;CO 5B4-08-7 S1Ema anhydrous, 791776 138.2 243 112 8ol »>1200
Carbonate o Aldrich | »89% purity ' '
Sodi i anhydrous,
o
oaiam Na,co. | 4o7-12-8 | 78" | 005y 791768 105.99 254 ~35 851 3.4-887
Carbonate Aldrich purity




Appendix B: Development Activities

Lubrication | Processing
Type Category Description Results/Comments
Glass Glass Powder | Evaluation of various glass powders and sodium silicate bonding Powder compacts were prepared via
Powder agents: compaction of glass powder, sodium silicate
Compacts “binder”
Ground borosilicate glass powder for Specialty Glass Inc, Oldsmar,
FL: It was determined that the melting
SP1804 (D50 ~18um)/660C softening pt. temperature of the glass powders evaluated
. was not low enough to be effective at the
SP2451 (DSQ 10um)/630 softening pt. <800 C extrusion temperature employed
Advanced Technical Products,
ATP-661 ground glass, 200 mesh, softening temperature <600 C
ATP-562 ground glass, 200 mesh, softening temperature <600 C
Waterglass Bonding Agent: Sodium silicate
Glass Processing Glass Slurry Coating products Glass slurry coating were evaluated as
Coatings Acheson: Deltaglaze 349 possible liner and mandrel coatings. For the

Acheson: Bonderite LS2127

purpose of better insulating and lubricating
billet’s during extrusion.
Dip and air brush coatings were easily applied

in the laboratory. Evaluation via extrusion
experiments “not performed”




Lubrication | Processing
Type Category Description Results/Comments
Salt Wet Mix Wet salt mix development. The addition of water to salt powder, as It was found that the crushability of the final
Compacts expected, results in the evolution of heat. It was observed that wet salt compact could be easily controlled via the
salt powder tended to form semi-hard granules that were undesirable | substitution of ethanol for a fraction of the
for uniform compaction. ~15wt% water component. The greater the
ethanol fraction, the weaker/more crushable
The use of ethanol/water solutions were evaluated for the purpose of the sal.t powder compacts. becamc.e.' Heat .
mitigating heat evolution and semi-hard granule formation evolution was not appreciably mitigated in
' formulations having ~10-15wt% water (~5-
10wt% ethanol).
Given that the ethanol fraction quickly
evaporated, semi-hard granules were still
produced.
Neat water additions were found best for
controlling mix constancy and produced
durable/machinable dried compacts.
Salt Solid Literature and patents associated with glass pad formulations made Ball clay and graphite powder were easily
Compacts lubricant use of solid lubricant powder additions, such as boron nitride, incorporated in salt powder compacts. When
additives graphite, molybdenum disulfide, ball clay, etc..” Such additions were | a 5wt% graphite containing salt compact was
evaluated, in the literature, for the purpose of controlling melt film used in an extrusion experiment, no
formation rate, melt film viscosity, and supplemental lubrication and | appreciable change in extrusion force was
thermal insulation between the billet and liner. observed.
Salt Compact Die release agents BN, silicone, Houdini, zinc stearate,
Compacts Pressing Houdinin

Salt compacts exhibited sticking to the die and punch surfaces.

Were evaluated. Houndini Lock-lub was by
far the best release agent evaluated.
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